a b s t r a c t
Alterations in gray matter (GM) density/volume and cortical thickness (CT) have been demonstrated in small and heterogeneous samples of subjects with differing chronic pain syndromes, including irritable bowel syndrome (IBS). Aggregating across 7 structural neuroimaging studies conducted at University of California, Los Angeles, Los Angeles, CA, USA, between August 2006 and April 2011, we examined group differences in regional GM volume in 201 predominantly premenopausal female subjects (82 IBS, mean age: 32 ± 10 SD, 119 healthy controls [HCs], 30 ± 10 SD). Applying graph theoretical methods and controlling for total brain volume, global and regional properties of large-scale structural brain networks were compared between the group with IBS and the HC group. Relative to HCs, the IBS group had lower volumes in the bilateral superior frontal gyrus, bilateral insula, bilateral amygdala, bilateral hippocampus, bilateral middle orbital frontal gyrus, left cingulate, left gyrus rectus, brainstem, and left putamen. Higher volume was found in the left postcentral gyrus. Group differences were no longer significant for most regions when controlling for the Early Trauma Inventory global score, with the exception of the right amygdala and the left postcentral gyrus. No group differences were found for measures of global and local network organization. Compared to HCs, in patients with IBS, the right cingulate gyrus and right thalamus were identified as being significantly more critical for information flow. Regions involved in endogenous pain modulation and central sensory amplification were identified as network hubs in IBS. Overall, evidence for central alterations in patients with IBS was found in the form of regional GM volume differences and altered global and regional properties of brain volumetric networks. Ó 2013 International Association for the Study of Pain. Published by Elsevier B.V. All rights reserved.
Introduction
Structural alterations of the brain in the form of higher or lower density of the gray matter (GM) and volume and cortical thickness (CT) have been reported in a wide range of chronic somatic and visceral pain conditions, including chronic inflammatory conditions (osteoarthritis [6, 107] [50, 53, 54, 99] ). The variability in reported findings may be in part related to the fact that the majority of these studies were relatively small and poorly controlled for medication intake, the presence of comorbid conditions, or sex. The most commonly reported regions related to the lower GM were subregions of cingulate and insular cortices, temporal lobe, prefrontal cortex, and thalamus/basal ganglia [34, 88] , whereas disease-related regional GM volume increases have been reported in a few studies [94, 115, 116] involving basal ganglia, hippocampus, anterior cingulate (ACC) subregions, posterior insula,
